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Summary. Active migration of tumor cells is usually 
assessed as single cell locomotion in vitro using Royden 
chamber-type assays. In vivo, however, carcinoma cells, 
malignant cells of epithelial origin, frequently invade the 
surrounding tissue as coherent clusters or nests of cells. 
We have called this type of movement "cohort 
migration". In our work, the invasion front of colon 
carcinomas consisted of compact tumor glands, partially 
resolved glands or markedly resolved glands with 
scattered tumor cell clusters or single cells lying ahead. 
In the former two types, which constituted about a half 
of all cases, cohort migration seems to be the 
predominant mechanism, whereas both cohort migration 
and single cell locomotion may be involved in the last 
one. In this light, it is very advantageous to investigate 
the mechanisms involved in the cohort migration. 
I n  this review, we present a two-dimensional 
motility assay as a cohort migration model, in which 
human colorectal carcinoma cells move outwards from 
the cell islands mainly as localized coherent sheets of 
cells when stimulated with 12-0-tetradecanoylphorbol- 
13-acetate (TPA) or hepatocyte growth factorlscatter 
factor (HGFISF). Within the migrating cell sheets, wide 
intercellular gaps occur at the lower portion of the cells 
to allow the cells to extend leading lamellae forward 
while close cell-cell contacts remain at the upper portion 
of the cells. This localized modulation of cell-cell 
adhesion at the lower portion of the cells is associated 
with increased tyrosine phosphorylation of the E- 
cadherin-catenin complex in TPA-induced cohort 
migration and with reduced a-catenin complexed with 
E-cadherin in HGFISF-induced cohort migration. 
Furthermore, fibronectin deposited by migrating cells is 
essential for their movement, and on the gelatin-coated 
substrate even degradation and remodeling of the 
substrate by matrix metalloproteinases are also needed. 
Thus, in cohort migration it is likely that cells are 
released from cell-cell adhesion only at the lower portion 
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of the cells via modulation of E-cadherin-catenin-based 
mechanism, and this change allows the cells to extend 
leading lamellae onto the extracellular matrix substrate 
remodeled by deposition of fibronectin and organized 
digestion. 
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Introduction 
Cell migration plays an essential role in normal 
development, especially during gastrulation, neural crest 
cell migration and organogenesis. Even in postnatal life, 
it occurs in a controlled manner in inflammatory 
reactions, immune responses and wound healing. Once 
its control is lost, however, cell migration can also cause 
harm to hosts. For example, cancer cells can leave the 
primary tumor, enter the blood and lymphatic 
vasculature, and disseminate to secondary organs 
without any physiological control. This ability of tumor 
cells to infiltrate and disseminate widely is what makes 
the tumors malignant (Stoker and Gherardi, 1991). In 
vitro, this migratory ability in vivo is detectable as (1) 
stationary motility such as membrane ruffling and 
pseudopodal extensions (Partin et al., 1989; van 
Larebeke et al., 1992); and (2) translocative motility 
which is defined as net translocation of the whole cell 
and a synonym for locomotion (Haemmerli, 1985). The 
mechanism of cell migration has been studied 
predominantly based on the idea of single cell 
translocation (locomotion), but translocation can also 
occur en masss (Nabeshima et al., 1997b). While the 
former can be easily visualized and measured by Boyden 
chamber-type assays in vitro, the latter is mainly 
observed as an in vivo phenomenon. In developing 
embryos, for example, epithelial cells migrate or 
rearrange collectively during branching morphogenesis 
and precardiac mesodermal cells also move as sheets of 
cells during heart formation (Wiens, 1996). These 
movements are termed "collective cell migration" or 














